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Ab
stra
ct
-
 M
od
ern
 
a
n
esth
esia
 p
ra
ctice
 
u
ses
 
a
 
co
m
bin
atio
n
 
of
 
d
rug
s
 to
 m
a
n
ag
e
 p
ain
 a
nd
 sed
atio
n
.
 T
h
ere
 a
re
 often
 ad
v
erse
 o
r
 
n
eg
ativ
e
 sid
e
 effects
 th
at
 a
rise
 d
u
e
 to
 th
e
 sa
m
e
 co
m
bin
atio
n
.
 A
 
co
ntrol
 sy
stem
 w
ill
 b
e
 d
esig
n
ed
 th
at
 optim
izes
 th
e
 d
eliv
ery
 of
 
intra
v
en
o
u
s
 
sed
ativ
es
 
a
nd
 
a
n
alg
esics
 
to
 
allo
w
 
esoph
ag
eal
 
in
stru
m
entatio
n
 w
hile
 m
inim
izing
 respirato
ry
 co
m
p
ro
m
ise
 a
nd
 
lo
ss
 of
 resp
o
n
siv
en
ess
 in
 sp
o
nta
n
eo
u
sly
 b
reathing
 p
atients
.
 A
 
co
st
 fu
n
ctio
n
al
 
w
ill
 b
e
 d
ev
elop
ed
 to
 
co
m
bin
e
 th
e
 
m
ultiple
 
optim
izatio
n
 g
o
als
 into
 a
 single
 objectiv
e
 optim
izatio
n
 p
roblem
.
 
It
 is
 
n
ot
 p
o
ssible
 to
 
sim
ulta
n
eo
u
sly
 
optim
ize
 
all
 
criteria
.
 A
 
co
m
p
ro
m
ise
 solutio
n
 m
u
st
 b
e
 selected
.
 A
fter
 selecting
 w
eighting
 
co
efficients
,
 
sim
ulatio
n
s
 
w
ere
 
ru
n
 
a
nd
 
ev
alu
ated
 
by
 
th
e
 
optim
izatio
n
 fu
n
ctio
n
.
 Th
e
 top
 fiv
e
 w
ere
 plotted
.
 Th
e
 p
eak
s
 fo
r
 
th
e
 
fiv
e
 
selected
 
d
o
ses
 
lo
ok
 
rea
so
n
able
.
 
Th
e
 
m
ainten
a
n
ce
 
infu
sio
n
s
 a
re
 p
rob
ably
 to
o
 lo
w
 fo
r
 so
m
eo
n
e
 to
 tolerate
 a
 pla
ced
 
p
rob
e
.
 A
dditio
n
al
 
w
o
rk
 is
 
n
eed
ed
 to
 in
v
estig
ate
 this
.
 Th
ese
 
results
 sh
o
w
 p
ro
m
ise
 fo
r
 th
e
 d
ev
elop
m
ent
 of
 a
 m
ultiobjectiv
e
 
optim
izatio
n
 
app
ro
a
ch
 to
 p
atient
-sp
ecific
 
selectio
n
 
of
 d
o
sing
 
sch
em
es
.
 
  I
.
 IN
TRO
D
U
C
TIO
N
 
 
M
od
ern
 an
esth
esia
 p
ractice
 u
ses
 a
 co
m
bin
atio
n
 of
 d
rug
s
 
to
 
m
an
ag
e
 p
ain
 
and
 
sed
atio
n
.
 T
w
o
 fast
 
acting
 d
rug
s
 
–
 
p
rop
ofol
 (sed
ativ
e)
 and
 rem
ifentanil
 (opioid)
 
–
 are
 b
eco
m
ing
 
in
creasingly
 p
op
ular
 b
ecau
se
 of
 th
eir
 rapid
 o
n
set
 of
 effect
,
 
ease
 of
 d
o
se
 titratio
n
,
 and
 rapid
 elim
in
atio
n
.
 C
o
m
bining
 a
 
sed
ativ
e
 and
 hyp
n
otic
 d
rug
 often
 enh
an
ces
 th
e
 b
en
eficial
 o
r
 
p
o
sitiv
e
 
effects
 
of
 b
oth
 d
rug
s
.
 H
o
w
ev
er
,
 th
ere
 
are
 
often
 
ad
v
erse
 o
r
 n
eg
ativ
e
 sid
e
 effects
 th
at
 arise
 d
u
e
 to
 th
e
 sam
e
 
co
m
bin
atio
n
.
 Th
ese
 in
clud
e
 th
e
 
cessatio
n
 
of
 
sp
o
ntan
eo
u
s
 
b
reathing
 d
u
e
 to
 
ob
stru
ctio
n
 
of
 th
e
 
airw
ay
 
and/o
r
 lo
ss
 
of
 
respirato
ry
 d
riv
e
 (respirato
ry
 co
m
p
ro
m
ise)
 and
 lo
ss
 of
 th
e
 
ability
 
to
 
co
m
m
u
nicate
 
w
ith
 
th
e
 
p
atient
 
(lo
ss
 
of
 
resp
o
n
siv
en
ess)
.
 
 W
hile
 
an
esth
esiologists
 
are
 
train
ed
 
to
 
h
andle
 
su
ch
 
co
m
plicatio
n
s
,
 th
ese
 d
rug
s
 are
 in
creasingly
 b
eing
 
u
sed
 by
 
n
o
n
-an
esth
esiologists
 in
 
setting
s
 
w
h
ere
 
th
e
 
training
 
and
 
eq
uip
m
ent
 n
ecessary
 to
 d
eal
 w
ith
 th
ese
 co
m
plicatio
n
s
 d
o
 n
ot
 
exist
.
 P
ro
ced
u
res
 p
erfo
rm
ed
 in
 th
ese
 setting
s
 in
crease
 p
atient
 
risk
.
 This
 p
ap
er
 
w
ill
 fo
cu
s
 p
rim
arily
 
o
n
 
a
 
co
m
m
o
n
 G
I
 
p
ro
ced
u
re
 
–
 placem
ent
 of
 an
 ultraso
u
nd
 p
rob
e
 in
 th
e
 m
id
-
esoph
ag
u
s
 (esoph
ag
eal
 in
stru
m
entatio
n)
.
 
 
 B
ecau
se
 
m
o
st
 G
I
 clinics
 d
o
 
n
ot
 h
av
e
 an
esth
esiologists
 
ad
m
inistering
 th
e
 d
rug(s)
,
 
a
 
sy
stem
 
w
ill
 b
e
 d
ev
elop
ed
 to
 
ad
vise
 th
e
 clinician
 of
 an
 optim
al
 d
o
sing
 sch
em
e
 th
at
 h
as
 
b
een
 adju
sted
 sp
ecifically
 fo
r
 each
 p
atient
.
 A
 co
ntrol
 sy
stem
 
w
ill
 b
e
 d
esig
n
ed
 th
at
 optim
izes
 th
e
 d
eliv
ery
 of
 intrav
en
o
u
s
 
sed
ativ
es
 and
 an
alg
esics
 to
 allo
w
 esoph
ag
eal
 in
stru
m
entatio
n
 
w
hile
 
m
inim
izing
 
respirato
ry
 
co
m
p
ro
m
ise
 
and
 
lo
ss
 
of
 
resp
o
n
siv
en
ess
 
in
 
sp
o
ntan
eo
u
sly
 b
reathing
 
p
atients
.
 
Th
e
 
co
ntrol
 sy
stem
 w
ill
 (i)
 m
inim
ize
 th
e
 tim
e
 b
etw
een
 th
e
 start
 of
 
ad
m
inistratio
n
 
of
 th
ese
 intrav
en
o
u
s
 
an
esth
etics
 
and
 
w
h
en
 
th
ere
 is
 sufficient
 an
alg
esia
 to
 blu
nt
 a
 resp
o
n
se
 to
 esoph
ag
eal
 
in
stru
m
entatio
n
,
 (ii)
 
m
inim
ize
 th
e
 d
u
ratio
n
 
of
 
respirato
ry
 
co
m
p
ro
m
ise
,
 
(iii)
 
m
inim
ize
 
th
e
 
d
u
ratio
n
 
of
 
u
n
resp
o
n
siv
en
ess
,
 and
 (iv)
 
m
inim
ize
 th
e
 tim
e
 req
uired
 fo
r
 
full
 reco
v
ery
 o
n
ce
 th
e
 intrav
en
o
u
s
 an
esth
etics
 are
 term
in
ated
.
 
 
 Th
e
 
optim
izatio
n
 
p
ro
cess
 
w
ill
 
acco
u
nt
 
fo
r
 (i)
 
th
e
 
ph
arm
acokin
etic
 b
eh
avio
r
 (distrib
utio
n)
 of
 each
 d
rug
,
 (ii)
 th
e
 
sy
n
ergistic
 interactio
n
 b
etw
een
 sed
ativ
es
 and
 an
alg
esics
,
 (iii)
 
th
e
 
an
alg
esic
 
and
 
sed
ativ
e
 
req
uirem
ents
 
fo
r
 
esoph
ag
eal
 
in
stru
m
entatio
n
,
 (iv)
 th
e
 respirato
ry
 effects
 cau
sed
 by
 th
ese
 
d
rug
s
 and
 (v)
 th
e
 m
ech
anical
 cap
abilities
 and
 lim
itatio
n
s
 of
 
th
e
 infu
sio
n
 p
u
m
p
 d
eliv
ery
 sy
stem
s
.
 A
 co
st
 fu
n
ctio
n
al
 w
ill
 
b
e
 
d
ev
elop
ed
 
to
 
co
m
bin
e
 
(scalarize)
 
th
e
 
m
ultiple
 
optim
izatio
n
 
g
o
als
 
into
 
a
 
single
 
objectiv
e
 
optim
izatio
n
 
p
roblem
.
 
 
II
.
 B
A
C
K
G
RO
U
N
D
 
 
Ph
a
rm
a
cokin
etics
 a
nd
 ph
a
rm
a
codyn
a
m
ics
 
B
oth
 p
rop
ofol
 
and
 
rem
ifentanil
 h
av
e
 
w
ell
 
establish
ed
 
p
op
ulatio
n
 ph
arm
acokin
etic[1
,
 2]
.
 B
oth
 
m
od
els
 
u
se
 
a
 3
-
co
m
p
artm
ent
 
m
od
el
 
stru
ctu
re
 
to
 
p
redict
 
plasm
a
 
d
rug
 
co
n
centratio
n
s
 o
v
er
 tim
e
.
 A
 fo
u
rth
 co
m
p
artm
ent
 is
 add
ed
 to
 
acco
u
nt
 fo
r
 th
e
 tim
e
 lag
 b
etw
een
 plasm
a
 and
 b
rain
 (effect
 
site)
 
co
n
centratio
n
.
 
W
ith
 
th
ese
 
m
od
els
,
 
co
m
p
uters
 
can
 
sim
ulate
 th
e
 
co
n
centratio
n
 
v
ersu
s
 tim
e
 p
rofile
 th
at
 
results
 
fro
m
 any
 co
m
bin
atio
n
 of
 b
olu
ses
 and
 co
ntin
u
o
u
s
 infu
sio
n
s
.
 
Th
ey
 also
 can
 acco
u
nt
 fo
r
 differen
ces
 in
 ag
e
 and
 w
eight
.
 
 
 Ph
arm
acody
n
am
ic
 
m
od
els
 
h
av
e
 
b
een
 
co
n
stru
cted
 
to
 
d
escrib
e
 th
e
 relatio
n
ship
 b
etw
een
 effect
 site
 lev
els
 and
 d
rug
 
effect
.
 
This
 
p
ro
cess
 
fo
r
 
a
 
single
 d
rug
 
is
 
ch
aracterized
 
g
raphically
 
u
sing
 
a
 
sig
m
oid
al
 
co
n
centratio
n
-effect
 
cu
rv
e
 
(Fig
u
re
 1)
.
 Th
e
 m
o
st
 im
p
o
rtant
 p
art
 of
 this
 cu
rv
e
 is
 th
e
 steep
 
sectio
n
 th
at
 rep
resents
 th
e
 dy
n
am
ic
 rang
e
 of
 d
rug
 effect
.
 This
 
p
art
 
ch
arts
 
th
e
 
co
n
centratio
n
-effect
 
relatio
n
ship
 
fro
m
 
b
aselin
e
 
to
 
m
axim
al
 
effect
.
 
S
m
all
 
ch
ang
es
 
in
 
d
rug
 
co
n
centratio
n
 lead
 to
 larg
e
 ch
ang
es
 in
 d
rug
 effect
 w
ithin
 this
 
rang
e
.
 Sim
ilar
 ch
ang
es
 m
ad
e
 ab
o
v
e
 o
r
 b
elo
w
 this
 regio
n
 o
nly
 
p
rod
u
ce
 
m
inim
al
 
ch
ang
e
 
in
 
effect
.
 
Th
ese
 
m
od
els
 
can
 
th
erefo
re
 h
elp
 
av
oid
 giving
 
m
o
re
 d
rug
 th
an
 is
 
n
eed
ed
 to
 
achiev
e
 th
e
 d
esired
 effect
.
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 Sh
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 D
u
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M
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 U
tilizing
 M
ultiobjectiv
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 O
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 T
ech
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u
es
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  W
h
en
 tw
o
 d
rug
s
 are
 ad
m
inistered
,
 th
eir
 co
n
centratio
n
-
effect
 cu
rv
es
 can
 b
e
 co
m
bin
ed
 into
 a
 3D
 resp
o
n
se
 su
rface
 
m
od
el
.
 
R
esp
o
n
se
 
su
rface
 
m
od
els
 
co
n
sist
 
of
 
a
 
set
 
of
 
p
aram
eters
 
th
at
 
estim
ate
 
th
e
 
extent
 
of
 d
rug
 
interactio
n
 
(sy
n
ergistic
,
 antag
o
nistic
,
 o
r
 lin
ear)
,
 th
e
 su
rface
 
“slop
e
”
,
 and
 
th
e
 
co
n
centratio
n
 
of
 
each
 d
rug
 
alo
n
e
 th
at
 is
 
req
uired
 to
 
achiev
e
 a
 50%
 p
rob
ability
 of
 m
axim
al
 effect
.
 
 R
esp
o
n
se
 
su
rface
 
m
od
els
 p
ro
vid
e
 
a
 th
ree
 dim
en
sio
n
al
 
visu
alizatio
n
 of
 co
m
bin
ed
 d
rug
 effects
 (Fig
 2)
 acro
ss
 v
ario
u
s
 
d
o
sing
 sch
em
es
.
 R
esp
o
n
se
 su
rfaces
 m
ay
 b
e
 a
 u
seful
 to
ol
 in
 
id
entifying
 
id
eal
 
co
n
centratio
n
 
p
airs
 
th
at
 
m
eet
 
p
atient
 
an
alg
esic
 n
eed
s
 y
et
 av
oid
 ad
v
erse
 effects
,
 th
ereby
 im
p
ro
ving
 
p
atient
 safety
.
 
 C
o
ntrol
 th
eo
ry
 a
nd
 d
rug
 d
elive
ry
 
C
o
ntrol
 
sy
stem
s
 
often
 
n
eed
 
to
 
co
n
sid
er
 
m
ultiple
 
co
nflicting
 objectiv
es
 in
 th
e
 p
u
rsuit
 of
 a
 real
 w
o
rld
 optim
al
 
solutio
n
.
 
This
 
can
 b
e
 
exp
ressed
 
m
ath
em
atically
 by
 
th
e
 
sim
ultan
eo
u
s
 m
inim
izatio
n
 of
 a
 set
 of
 objectiv
e
 fu
n
ctio
n
s
,
 φ
k
 
and
 k
=1
,2
,
.
.
,n
 
w
h
ere
 
“n
”
 
is
 
th
e
 
n
u
m
b
er
 
of
 
objectiv
es
.
 
(eq
u
atio
n
 1)
.
 
 
 
 
 
 
 
 
 
 
 
 
(1)
 
  
V
ariable
 
v
ecto
r
 
“p
”
 
rep
resents
 
all
 
sim
ulated
 
d
o
sing
 
sch
em
es
 and
 φ
k (p)
 th
e
 objectiv
e
 v
alu
e
 to
 b
e
 optim
ized
.
 Th
e
 
co
ntrol
 sy
stem
 attem
pts
 to
 sim
ultan
eo
u
sly
 m
inim
ize
 all
 th
e
 
objectiv
e
 fu
n
ctio
n
s
.
 O
bjectiv
es
 of
 interest
 fo
r
 d
rug
 d
eliv
ery
 
d
u
ring
 end
o
scopic
 p
ro
ced
u
res
 in
clud
e:
 
 
(i)
 
m
inim
ize
 
th
e
 
tim
e
 
b
etw
een
 
th
e
 
start
 
of
 
ad
m
inistratio
n
 of
 an
esth
etics
 and
 w
h
en
 th
ere
 is
 
sufficient
 
an
alg
esia
 
to
 
blu
nt
 
a
 
resp
o
n
se
 
to
 
esoph
ag
eal
 in
stru
m
entatio
n
,
 
 
(ii)
 
m
inim
ize
 
th
e
 
d
u
ratio
n
 
of
 
respirato
ry
 
co
m
p
ro
m
ise
,
 
 
(iii)
 
m
inim
ize
 th
e
 d
u
ratio
n
 of
 u
n
resp
o
n
siv
en
ess
,
 and
 
 
(iv)
 
m
inim
ize
 th
e
 tim
e
 
req
uired
 fo
r
 full
 
reco
v
ery
 
o
n
ce
 th
e
 an
esth
etics
 are
 term
in
ated
.
 
 
 
F
o
r
 
this
 
study
,
 
th
e
 
an
esth
etics
 
are
 
p
rop
ofol
 
and
 
rem
ifentanil
.
 
 
Th
e
 
v
ariable
 
v
ecto
r
 
fo
r
 
each
 
th
e
 
fo
u
r
 
objectiv
es
 in
clud
e
 th
e
 am
o
u
nt
 of
 each
 d
rug
 th
at
 is
 d
eliv
ered
 
as
 a
 b
olu
s
 and
 as
 an
 infu
sio
n
.
 
 Tim
e
 is
 th
e
 v
ariable
 to
 b
e
 
m
inim
ized
 in
 each
 objectiv
e
.
 
 G
en
erally
,
 
n
o
 
single
 
solutio
n
 
exists
 
th
at
 
optim
ally
 
satisfies
 
all
 
objectiv
es
 
sim
ultan
eo
u
sly
.
 H
o
w
ev
er
,
 
a
 
set
 
of
 
eq
u
ally
 
efficient
 (P
areto
-optim
al)
 
solutio
n
s
 d
o
es
 
e
xist
.
 A
 
d
ecisio
n
 p
ro
cess
 is
 
u
sed
 to
 
select
 
a
 
suitable
 
co
m
p
ro
m
ise
 
solutio
n
 
fro
m
 
this
 
set
.
 
Th
e
 
m
eth
od
s
 
u
sed
 
to
 
solv
e
 
m
ultiobjectiv
e
 optim
izatio
n
 p
roblem
s
 fall
 into
 th
ree
 g
en
eral
 
classificatio
n
s:
 
 
 1
.
 
a
 
p
rio
ri
 
–
 
an
 
agg
reg
ating
 
fu
n
ctio
n
 
is
 
u
sed
 
to
 
co
m
bin
e
 
all
 
objectiv
es
 
to
 
a
 
single
 
v
alu
e
 
(scalarizatio
n)
 
u
sing
 
w
eighting
 
co
efficients
,
 
p
rio
rities
 o
r
 g
o
als
 p
rio
r
 to
 optim
izatio
n
 
2
.
 
a
 p
o
sterio
ri
 
–
 th
e
 P
areto
-optim
al
 set
 is
 p
resented
 to
 
a
 d
ecisio
n
 m
ak
er
 b
efo
re
 any
 p
referen
ce
 is
 m
ad
e
 
3
.
 
p
rog
ressiv
e
 
articulatio
n
 
–
 
an
 
iterativ
e
 
p
ro
cess
 
b
etw
een
 th
e
 d
ecisio
n
 m
ak
er
 and
 optim
izer
 is
 u
sed
 to
 
app
ro
ach
 a
 fin
al
 solutio
n
.[3
,
 4]
 
()
()
()
(
)p
p
p
n
U
p
φ
φ
φ
,
.
.
.
,
,
m
in
2
1
∈
 
 
Fig
u
re
 1
.
 A
n
 ex
am
ple
 of
 a
 single
-d
rug
 ph
arm
acody
n
am
ic
 m
od
el
,
 lo
ss
 of
 
resp
o
n
siv
en
ess
 cau
sed
 by
 p
rop
ofol
.
 This
 cu
rv
e
 p
redicts
 th
e
 p
rob
ability
 of
 a
 
giv
en
 p
atient
 d
raw
n
 fro
m
 th
e
 sam
ple
 p
op
ulatio
n
 lo
sing
 resp
o
n
siv
en
ess
 at
 a
 
giv
en
 p
rop
ofol
 effect
 site
 co
n
centratio
n
.
 
Fig
u
re
 2
.
 This
 su
rface
 sh
o
w
s
 rapid
 lo
ss
 of
 resp
o
n
siv
en
ess
 as
 p
rop
ofol
 is
 
in
creased
.
 S
ev
oflu
ran
e
 d
o
es
 
n
ot
 h
av
e
 as
 p
rofo
u
nd
 an
 effect
 o
n
 sed
atio
n
,
 
sh
o
w
n
 by
 th
e
 v
ery
 slo
w
 rise
 of
 th
e
 su
rface
 alo
ng
 th
e
 sev
o
 axis
.
 Th
e
 solid
 lin
e
 
ab
o
ut
 h
alfw
ay
 
up
 th
e
 
su
rface
 
slop
e
 
rep
resents
 th
e
 C50
 isob
ol
,
 
o
r
 th
e
 
co
m
bin
atio
n
 of
 d
rug
s
 th
at
 w
o
uld
 result
 in
 LO
R
 in
 50%
 of
 th
e
 p
op
ulatio
n
.
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III
.
 M
ETH
O
D
S
 
 Clinical
 exp
erien
ce
 sugg
ests
 th
at
 th
e
 d
epth
 of
 sed
atio
n
 
and
 an
alg
esia
 req
uired
 to
 blu
nt
 th
e
 resp
o
n
se
 to
 esoph
ag
eal
 
in
stru
m
entatio
n
 th
ro
ugh
 th
e
 
o
roph
ary
n
x
 is
 
sig
nificant
 
and
 
often
 lead
s
 to
 a
 lo
ss
 of
 resp
o
n
siv
en
ess[5]
.
 W
ith
 th
e
 resp
o
n
se
 
su
rface
 m
od
els
 fo
r
 esoph
ag
eal
 in
stru
m
entatio
n
,
 m
od
erately
 
p
ainful
 
stim
uli
,
 
respirato
ry
 
co
m
p
ro
m
ise
 
and
 
lo
ss
 
of
 
resp
o
n
siv
en
ess
,
 
w
e
 
w
ill
 
e
xplo
re
 
th
ro
ugh
 
sim
ulatio
n
 
th
e
 
ability
 of
 v
ario
u
s
 d
o
sing
 sch
em
es
 to
 blu
nt
 th
e
 resp
o
n
se
 to
 
esoph
ag
eal
 
in
stru
m
entatio
n
 
and
 
o
n
ce
 
in
stru
m
ented
,
 
b
e
 
q
uickly
 titrated
 to
 p
ro
vid
e
 ad
eq
u
ate
 an
alg
esia
 and
 sed
atio
n
 
fo
r
 a
 m
od
erately
 p
ainful
 stim
ulu
s
 w
hile
 m
inim
izing
 lo
ss
 of
 
resp
o
n
siv
en
ess
.
 W
e
 hyp
oth
esized
 th
at
 d
o
sing
 sch
em
es
 exists
 
to
 m
eet
 th
ese
 clinical
 g
o
als
.
 
 A
n
 
app
ro
ach
 
to
 
establishing
 
a
 
clinically
 
relev
ant
 
w
eighting
 sch
em
e
 fo
r
 each
 objectiv
e
 is
 to
 co
n
sult
 a
 p
an
el
 of
 
exp
erts
 (i
.e
.
 b
o
ard
 certified
 an
esth
esiologists)
.
 In
 an
esth
esia
,
 
exp
ert
 opinio
n
 h
as
 b
een
 u
sed
 to
 d
ev
elop
 a
 set
 of
 co
n
sen
su
s
 
statem
ents
 th
at
 
can
 b
e
 
u
sed
 to
 
w
ill
 b
e
 
ask
ed
 to
 d
ev
elop
 
co
n
sen
su
s
 statem
ents
 th
at
 p
rio
ritize
 th
e
 objectiv
es
 
u
sing
 
a
 
m
odified
 D
elphi
 tech
niq
u
e
.
 W
eighting
 co
efficients
 
w
ill
 b
e
 
b
ased
 o
n
 th
eir
 objectiv
e
 p
rio
ritizatio
n
.
 
 P
revio
u
s
 w
o
rk
 h
as
 d
ev
elop
ed
 resp
o
n
se
 su
rface
 m
od
els
 of
 
p
rop
ofol
 and
 rem
ifentanil
 fo
r
 lo
ss
 of
 resp
o
n
se
 to
 esoph
ag
eal
 
in
stru
m
entatio
n[6]
,
 lo
ss
 
of
 
resp
o
n
siv
en
ess[7]
,
 
sed
atio
n[8]
,
 
respirato
ry
 co
m
p
ro
m
ise[9]
 and
 tibial
 p
ressu
re[8]
 (see
 T
able
 1
 
and
 
eq
u
atio
n
 2)
.
 
Th
e
 iso
-effect
 lin
es
 
rep
resenting
 95%
 
p
rob
ability
 
of
 
n
o
 
resp
o
n
se
 fo
r
 
each
 
criterio
n
,
 
w
ith
 
th
e
 
ex
ceptio
n
 of
 respirato
ry
 co
m
p
ro
m
ise
,
 
w
hich
 
w
ill
 
u
se
 50%
 
p
rob
ability
,
 
w
ill
 
b
e
 
co
m
bin
ed
 
to
 
id
entify
 
id
eal
 
targ
et
 
rem
ifentanil
-p
rop
ofol
 
co
n
centratio
n
 
p
airs
 
th
at
 
allo
w
 
esoph
ag
eal
 
in
stru
m
entatio
n
 
y
et
 
m
inim
ize
 
u
n
w
anted
 
respirato
ry
 
co
m
p
ro
m
ise
 
o
r
 
lo
ss
 
of
 
resp
o
n
siv
en
ess
.
 
Th
e
 
resp
o
n
se
 
su
rface
 
m
od
els
 
w
ill
 b
e
 
u
sed
 to
 d
efin
e
 b
o
u
nd
ary
 
co
nditio
n
s
 fo
r
 a
 series
 of
 optim
izatio
n
 targ
ets
.
 Clinical
 g
o
als
 
w
ill
 b
e
 u
sed
 to
 co
n
stru
ct
 a
 co
st
 fu
n
ctio
n
al
.
 
 
 
A
 series
 of
 sim
ulatio
n
s
 w
ill
 b
e
 co
nd
u
cted
 acro
ss
 a
 rang
e
 of
 
b
olu
s
 sizes
 (P
rop
:
 0
-2
.67
 m
g/kg
,
 R
em
i:
 0
-6
.67
 m
cg/kg)
 and
 
infu
sio
n
 
rates
 (P
rop
:
 10
-150
 
m
cg/kg/m
in
,
 R
em
i:
 0
-0
.375
 
m
cg/kg/m
in)
 to
 id
entify
 id
eal
 d
o
sing
 regim
en
s
 and
 m
inim
ize
 
th
e
 co
st
 fu
n
ctio
n
al
.
 A
ll
 sim
ulatio
n
s
 w
ill
 b
e
 ru
n
 fo
r
 a
 55
 y
ear
 
old
,
 75
 kg
,
 175
 cm
 m
ale
.
 D
o
sing
 regim
en
s
 w
ill
 b
e
 optim
ized
 
in
 
term
s
 
of
 
th
e
 
ratio
 
of
 p
rop
ofol
 
to
 
rem
ifentanil
,
 b
olu
s
 
d
o
sing
,
 and
 infu
sio
n
 rates
,
 and
 tim
e
 to
 reach
 o
r
 sp
ent
 ab
o
v
e
 
each
 isob
ole
.
 
   
(2)
 
   
T
able
 1
.
 
 G
reco
 m
od
el
 p
aram
eters
 fo
r
 ph
arm
acody
n
am
ic
 effects
 u
sed
 fo
r
 
optim
izing
 d
o
se
 selectio
n
.
 R
em
i
 C50
 is
 in
 ng/m
L
 
w
hile
 p
rop
 C50
 is
 in
 
m
cg/m
L
.
 A
lph
a
 and
 n
 are
 u
nitless
.
 Th
ese
 p
aram
eters
 can
 b
e
 co
m
bin
ed
 w
ith
 
eq
u
atio
n
 2
 to
 d
eterm
in
e
 th
e
 p
rob
ability
 of
 n
o
 resp
o
n
se
 to
 th
e
 asso
ciated
 
effect
 at
 a
 giv
en
 rem
ifentanil:p
rop
ofol
 co
n
centratio
n
 p
air
.
 
M
od
el
 
R
em
i
 C
50
 
P
rop
 C
50
 
A
lph
a
 
n
 
E
soph
ag
eal
 
In
stru
m
entatio
n
 
27
.
 8
 
4
.0
 
20
.1
 
3
.4
 
L
o
ss
 of
 
R
esp
o
n
siv
en
ess
 
33
.1
 
2
.2
 
3
.6
 
5
 
S
ed
atio
n
 
12
.5
 
1
.8
 
5
.1
 
3
.8
 
R
espirato
ry
 
C
o
m
p
ro
m
ise
 
5
.4
 
2
.8
 
2
.9
 
6
.0
 
A
n
alg
esia
 
 
(30
 p
si)
 
8
.8
 
4
.2
 
8
.2
 
8
.3
 
  This
 
study
 
w
ill
 
follo
w
 
th
e
 
“a
 
p
rio
ri
”
 
app
ro
ach
 
to
 
co
n
v
erg
e
 o
n
 an
 optim
al
 d
o
sing
 sch
em
e
 fo
r
 a
 giv
en
 p
atient
 
d
em
og
raphic
.
 W
eighting
 
co
efficients
 (w
k )
 
w
ill
 b
e
 
u
sed
 to
 
adju
st
 
h
o
w
 
m
u
ch
 
influ
en
ce
 
each
 
objectiv
e
 
h
as
 
in
 
th
e
 
agg
reg
ate
 objectiv
e
 fu
n
ctio
n
 (eq
u
atio
n
 3)
.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (3)
 
   IV
.
 R
ESU
LTS
 
 
It
 is
 n
ot
 p
o
ssible
 to
 sim
ultan
eo
u
sly
 optim
ize
 all
 criteria
.
 A
 
co
m
p
ro
m
ise
 
solutio
n
 
m
u
st
 b
e
 
selected
.
 F
o
r
 this
 p
ap
er
 
w
e
 
w
ere
 n
ot
 able
 to
 obtain
 w
eight
 co
efficients
 (w
k )
 u
sing
 th
e
 
m
odified
 D
elphi
 tech
niq
u
e
 as
 m
entio
n
ed
 in
 th
e
 m
eth
od
s
.
 T
o
 
obtain
 p
relim
in
ary
 results
,
 th
e
 w
eights
 listed
 in
 T
able
 2
 w
ere
 
u
sed
.
 
 
 In
 th
e
 first
 iteratio
n
,
 th
e
 objectiv
e
 fu
n
ctio
n
 w
as
 selecting
 
ru
n
s
 w
h
ere
 th
e
 p
atient
 w
o
uld
 n
ot
 h
av
e
 tolerated
 esoph
ag
eal
 
in
stru
m
entatio
n
,
 
evid
en
ced
 by
 h
aving
 
n
eg
ativ
e
 
tim
es
 fo
r
 
criteria
 1
.
 O
b
vio
u
sly
,
 th
e
 p
ro
ced
u
re
 can
n
ot
 o
ccu
r
 if
 th
e
 p
rob
e
 
is
 n
ot
 in
serted
.
 Th
erefo
re
,
 this
 targ
et
 m
u
st
 b
e
 co
n
v
erted
 to
 a
 
co
n
straint
 
–
 it
 ab
solutely
 m
u
st
 b
e
 reach
ed
.
 
  
T
able
 2
.
 A
 list
 of
 th
e
 m
ultiple
 objectiv
es
 th
e
 agg
reg
ating
 fu
n
ctio
n
 is
 taking
 
into
 co
n
sid
eratio
n
.
 W
eighting
 co
efficients
 are
 sh
o
w
n
 in
 th
e
 third
 colu
m
n
.
 
k
 
C
riteria
 
w
k
 
1
 
Tim
e
 to
 95%
 E
soph
ag
eal
 In
stru
m
entatio
n
 
0
.3
 
2
 
Tim
e
 ab
o
v
e
 95%
 E
soph
ag
eal
 In
stru
m
entatio
n
 
0
.05
 
3
 
[Tim
e
 to
 50%
 R
espirato
ry
 C
o
m
p
ro
m
ise]
-1
 
0
.1
 
4
 
Tim
e
 ab
o
v
e
 50%
 R
espirato
ry
 C
o
m
p
ro
m
ise
 
0
.3
 
5
 
Tim
e
 ab
o
v
e
 95%
 30
 p
si
 
0
.05
 
6
 
Tim
e
 ab
o
v
e
 95%
 L
o
ss
 of
 R
esp
o
n
siv
en
ess
 
0
.1
 
7
 
Tim
e
 to
 5%
 S
ed
atio
n
 
0
.1
 
 
()
∑
=
∈
n
k
k
k
U
p
p
w
1
m
in
φ
 
 
-
 4
 
-
 
T
able
 3
.
 C
o
n
straints
 
add
ed
 to
 
m
ultiobjectiv
e
 
optim
izatio
n
 to
 
en
su
re
 th
e
 
results
 w
ill
 lead
 to
 su
ccessful
 p
ro
ced
u
res
.
 
 In
 th
e
 seco
nd
 iteratio
n
 it
 w
as
 n
oticed
 th
at
 th
e
 n
ew
 
“top
”
 
sim
ulatio
n
s
 
w
ere
 
n
ot
 
k
eeping
 
p
atients
 
sufficiently
 
an
esth
etized
 
after
 p
rob
e
 in
sertio
n
 fo
r
 th
em
 to
 tolerate
 th
e
 
p
ro
ced
u
re
.
 In
 
oth
er
 
w
o
rd
s
,
 th
e
 p
atient
 
w
o
uld
 b
e
 
able
 to
 
tolerate
 placem
ent
 of
 th
e
 p
rob
e
 b
ut
 d
rug
 lev
els
 w
o
uld
 so
o
n
 
d
rop
,
 cau
sing
 th
em
 to
 resp
o
nd
 to
 th
e
 placed
 p
rob
e
.
 This
 w
as
 
evid
ent
 by
 h
aving
 n
eg
ativ
e
 tim
es
 fo
r
 criteria
 7
 (see
 T
able
 2)
.
 
C
o
rrecting
 this
 req
uired
 an
 additio
n
al
 co
n
straint
 fo
r
 w
ak
eup
 
tim
e
.
 C
o
n
straints
 are
 listed
 in
 T
able
 3
.
 
 F
ollo
w
ing
 th
ese
 m
odificatio
n
s
,
 th
e
 6
,615
 sim
ulated
 d
o
sing
 
strategies
 w
ere
 so
rted
 by
 th
eir
 agg
reg
ate
 objectiv
e
 fu
n
ctio
n
 
o
utp
ut
 (sco
re)
.
 Th
e
 top
 fiv
e
 results
 are
 sh
o
w
n
 in
 T
able
 4
 as
 
w
ell
 as
 Fig
u
re
 3
.
 
 
T
able
 4
a
.
 D
o
sing
 info
rm
atio
n
 fo
r
 th
e
 top
 5
 sim
ulatio
n
s
 selected
 by
 th
e
 
agg
reg
ating
 objectiv
e
 fu
n
ctio
n
.
 (sco
re)
.
 
P
rop
ofol
 
R
em
ifenta
nil
 
S
co
re
 
B
olu
s
 
m
g/kg
 
Infu
sio
n
 
m
cg/kg/m
in
 
B
olu
s
 
m
g/kg
 
Infu
sio
n
 
m
cg/kg/m
in
 
2
.91
 
0
.8
 
20
 
0
.0125
 
0
.5
 
2
.98
 
0
.93
 
20
 
0
.01
 
0
.47
 
2
.99
 
0
.67
 
20
 
0
.02
 
0
.67
 
3
.06
 
0
.8
 
20
 
0
.015
 
0
.6
 
3
.12
 
0
.67
 
20
 
0
.0225
 
0
.75
 
 T
able
 4b
.
 Tim
es
 (in
 m
in
utes)
 u
sed
 by
 th
e
 agg
reg
ating
 objectiv
e
 fu
n
ctio
n
 
to
 d
eterm
in
e
 a
 sco
re
 fo
r
 each
 sim
ulatio
n
.
 
 
C
riteria
 #
 (fro
m
 T
able
 2)
 
S
co
re
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
2
.91
 
1
.83
 
0
.33
 
1
.50
 
5
.83
 
3
.83
 
1
.83
 
0
.67
 
2
.98
 
1
.50
 
1
.33
 
1
.50
 
6
.00
 
4
.00
 
2
.67
 
0
.50
 
2
.99
 
1
.67
 
0
.83
 
1
.50
 
6
.17
 
4
.00
 
1
.17
 
1
.33
 
3
.06
 
1
.50
 
1
.33
 
1
.50
 
6
.17
 
4
.17
 
2
.17
 
1
.17
 
3
.12
 
1
.50
 
1
.33
 
1
.50
 
6
.50
 
4
.33
 
1
.33
 
1
.50
 
 
 
V
.
 D
ISCU
SSIO
N
 
 Th
e
 p
eak
s
 fo
r
 th
e
 fiv
e
 
selected
 d
o
ses
 lo
ok
 
reaso
n
able
.
 
H
o
w
ev
er
,
 
th
ere
 
m
ight
 
n
ot
 
b
e
 
en
o
ugh
 
tim
e
 
ab
o
v
e
 
th
e
 
esoph
ag
eal
 
in
stru
m
entatio
n
 
isob
ole
 (EI)
 
to
 
en
su
re
 
th
e
 
clinician
 
h
as
 
sufficient
 
tim
e
 
to
 
place
 
th
e
 
p
rob
e
.
 
This
 
co
n
straint
 can
 easily
 b
e
 m
odified
 to
 select
 ju
st
 th
o
se
 d
o
ses
 
th
at
 are
 ab
o
v
e
 th
e
 95%
 esoph
ag
eal
 in
stru
m
entatio
n
 isob
ole
 
fo
r
 so
m
e
 m
inim
u
m
 am
o
u
nt
 of
 tim
e
.
 
 A
 
seco
nd
 co
n
cern
 is
 th
at
 th
e
 
m
ainten
an
ce
 infu
sio
n
 (th
e
 
effect
 site
 co
n
centratio
n
 th
at
 rem
ain
s
 o
n
ce
 th
e
 b
olu
s
 effect
 
h
as
 
w
o
rn
 
off)
 is
 
still
 p
rob
ably
 to
o
 lo
w
 fo
r
 
so
m
eo
n
e
 to
 
tolerate
 a
 placed
 p
rob
e
.
 H
o
w
ev
er
,
 additio
n
al
 d
ata
 collectio
n
 
is
 
n
ecessary
 to
 d
eterm
in
e
 
w
h
at
 th
e
 
m
inim
u
m
 
effect
 
site
 
co
n
centratio
n
 m
u
st
 b
e
 fo
r
 p
atients
 to
 n
ot
 resp
o
nd
 to
 a
 placed
 
p
rob
e
.
 O
n
ce
 this
 isob
ole
 is
 b
uilt
,
 an
 additio
n
al
 co
n
straint
 can
 
b
e
 add
ed
 to
 th
e
 agg
reg
ating
 objectiv
e
 fu
n
ctio
n
,
 en
su
ring
 th
at
 
th
e
 selected
 d
o
sing
 sch
em
es
 d
o
 n
ot
 fall
 b
elo
w
 this
 targ
et
.
 
 A
n
oth
er
 p
o
ssible
 
solutio
n
 is
 
to
 
establish
 
a
 
m
inim
u
m
 
infu
sio
n
 rate
.
 A
s
 seen
 in
 T
able
 4
a
,
 th
e
 d
o
ses
 cu
rrently
 b
eing
 
selected
 h
av
e
 
a
 p
rop
ofol
 infu
sio
n
 
rate
 
of
 20
 
m
cg/kg/m
in
.
 
A
dding
 a
 co
n
straint
 req
uiring
 a
 m
inim
u
m
 of
,
 fo
r
 ex
am
ple
,
 50
 
m
cg/kg/m
in
 co
uld
 yield
 th
e
 
sam
e
 
result
 
w
ith
o
ut
 
req
uiring
 
additio
n
al
 d
ata
 
collectio
n
.
 It
 
w
o
uld
 
still
 b
e
 
n
ecessary
 to
 
d
eterm
in
e
 th
e
 m
inim
u
m
 rate
 n
ecessary
 to
 en
su
re
 p
atients
 d
o
 
n
ot
 resp
o
nd
.
 
 A
 p
relim
in
ary
 lo
ok
 at
 this
 app
ro
ach
 w
as
 tak
en
.
 Th
e
 results
 
fo
r
 th
e
 top
 fiv
e
 
sim
ulatio
n
s
 
selected
 by
 
th
e
 
agg
reg
ating
 
objectiv
e
 fu
n
ctio
n
 
are
 
sh
o
w
n
 in
 T
able
 5
 
and
 Fig
u
re
 4
.
 
Im
m
ediately
 ob
vio
u
s
 is
 th
at
 th
e
 b
olu
s
 sizes
 are
 larg
er
,
 as
 are
 
th
e
 
p
rop
ofol
 
infu
sio
n
 
rates
.
 
H
o
w
ev
er
,
 
th
e
 
rem
ifentanil
 
infu
sio
n
 rates
 are
 sig
nificantly
 lo
w
er
.
 Th
e
 tim
es
 fo
r
 criteria
 6
 
and
 7
 are
 also
 high
er
 th
an
 th
o
se
 listed
 in
 T
able
 4b
.
 H
o
w
ev
er
,
 
sin
ce
 high
er
 infu
sio
n
 rates
 are
 u
sed
,
 it
 is
 exp
ected
 th
at
 it
 w
ill
 
tak
e
 lo
ng
er
 fo
r
 th
e
 d
rug
 effects
 to
 w
ear
 off
.
 
 In
 co
m
p
aring
 Fig
u
res
 3
 and
 4
,
 it
 is
 interesting
 th
at
 this
 
tim
e
 th
e
 agg
reg
ating
 objectiv
e
 fu
n
ctio
n
 selected
 d
o
sing
s
 w
ith
 
sig
nificantly
 lo
w
er
 
rem
ifentanil
 
co
n
centratio
n
s
 
as
 
w
ell
 
as
 
sig
nificantly
 
high
er
 
b
olu
s
 
sizes
.
 
A
dditio
n
al
 
w
o
rk
 
w
ill
 
in
v
estig
ate
 
this
,
 
p
otentially
 
m
odifying
 
th
e
 
w
eighting
 
co
efficients
 to
 place
 m
o
re
 em
ph
asis
 o
n
 effects
 p
rod
u
ced
 by
 
rem
ifentanil
.
 
C
riteria
 
C
o
n
straint
 
Tim
e
 to
 95%
 E
soph
ag
eal
 In
stru
m
entatio
n
 
>0
 
Tim
e
 to
 5%
 S
ed
atio
n
 
>1
 
 
Fig
u
re
 3
.
 Plot
 
sh
o
w
ing
 th
e
 isob
oles
 
rep
resenting
 
o
u
r
 
optim
izatio
n
 
targ
ets
 as
 w
ell
 as
 plots
 of
 th
e
 top
 5
 d
o
sing
 sim
ulatio
n
s
 as
 d
eterm
in
ed
 by
 
th
e
 agg
reg
ating
 objectiv
e
 fu
n
ctio
n
.
 M
ark
ers
 rep
resent
 w
h
ole
 m
in
utes
.
 
Th
e
 b
olu
s
 d
o
se
 cau
ses
 th
e
 p
eak
 w
hile
 th
e
 infu
sio
n
 h
old
s
 th
e
 subject
 at
 a
 
steady
 co
n
centratio
n
 fo
r
 th
e
 d
u
ratio
n
 of
 th
e
 p
ro
ced
u
re
 (d
ark
 lin
es
 ju
st
 
ab
o
v
e
 S
ed
 isob
ole)
.
 T
ext
 b
o
x
es
 sh
o
w
 th
e
 sco
re
 of
 th
e
 asso
ciated
 plot
.
 
 
-
 5
 
-
 
T
able
 5
a
.
 D
o
sing
 info
rm
atio
n
 fo
r
 th
e
 top
 5
 sim
ulatio
n
s
 selected
 by
 th
e
 
agg
reg
ating
 objectiv
e
 fu
n
ctio
n
 (sco
re)
 after
 a
 co
n
straint
 h
as
 b
een
 add
ed
 
req
uiring
 a
 m
inim
u
m
 p
rop
ofol
 infu
sio
n
 rate
 of
 50
 m
cg/kg/m
in
.
 Th
e
 b
olu
s
 
sizes
 
are
 larg
er
,
 
as
 
are
 
th
e
 p
rop
ofol
 infu
sio
n
 
rates
.
 H
o
w
ev
er
,
 
th
e
 
rem
ifentanil
 infu
sio
n
 rates
 are
 sig
nificantly
 lo
w
er
.
 
P
rop
ofol
 
R
em
ifenta
nil
 
S
co
re
 
B
olu
s
 
m
g/kg
 
Infu
sio
n
 
m
cg/kg/m
in
 
B
olu
s
 
m
g/kg
 
Infu
sio
n
 
m
cg/kg/m
in
 
4
.19
 
1
.2
 
50
 
0
.3
 
0
.0125
 
4
.21
 
1
.47
 
50
 
0
.18
 
0
.00625
 
4
.36
 
1
.6
 
50
 
0
.2
 
0
.00625
 
4
.37
 
1
.33
 
60
 
0
.17
 
0
.0075
 
4
.39
 
1
.2
 
50
 
0
.3
 
0
 
 T
able
 5b
.
 Tim
es
 (in
 m
in
utes)
 u
sed
 by
 th
e
 agg
reg
ating
 objectiv
e
 fu
n
ctio
n
 
to
 d
eterm
in
e
 a
 sco
re
 fo
r
 each
 sim
ulatio
n
.
 Th
e
 tim
es
 fo
r
 criteria
 6
 and
 7
 
are
 g
en
erally
 high
er
 th
an
 th
o
se
 in
 T
able
 4b
,
 a
 n
atu
ral
 
result
 of
 u
sing
 
high
er
 infu
sio
n
 rates
.
 
C
riteria
 #
 (fro
m
 T
able
 2)
 
S
co
re
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
4
.19
 
1
.33
 
1
.83
 
1
.50
 
8
.00
 
4
.67
 
4
.00
 
5
.17
 
4
.21
 
1
.50
 
1
.50
 
2
.00
 
7
.67
 
4
.33
 
4
.50
 
5
.17
 
4
.36
 
1
.17
 
2
.17
 
2
.00
 
8
.17
 
4
.67
 
4
.83
 
5
.33
 
4
.37
 
2
.00
 
0
.17
 
1
.50
 
7
.83
 
4
.17
 
4
.33
 
6
.17
 
4
.39
 
1
.83
 
0
.33
 
2
.00
 
7
.67
 
3
.83
 
5
.67
 
5
.67
 
V
I
.
 CO
N
C
LU
SIO
N
 
 Th
ese
 
results
 
sh
o
w
 p
ro
m
ise
 fo
r
 th
e
 d
ev
elop
m
ent
 
of
 
a
 
m
ultiobjectiv
e
 
optim
izatio
n
 
app
ro
ach
 
to
 
p
atient
-sp
ecific
 
selectio
n
 of
 d
o
sing
 sch
em
es
.
 A
dditio
n
al
 w
o
rk
 is
 n
eed
ed
 to
 
d
eterm
in
e
 app
rop
riate
 w
eighting
 co
efficients
 and
 co
n
straints
.
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Fig
u
re
 4
.
 Plot
 
sh
o
w
ing
 th
e
 isob
oles
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resenting
 
o
u
r
 
optim
izatio
n
 
targ
ets
 as
 w
ell
 as
 plots
 of
 th
e
 top
 5
 d
o
sing
 sim
ulatio
n
s
 as
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eterm
in
ed
 by
 
th
e
 
agg
reg
ating
 
objectiv
e
 
fu
n
ctio
n
 
o
n
ce
 
a
 
co
n
straint
 
req
uiring
 
a
 
m
inim
u
m
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rop
ofol
 infu
sio
n
 
rate
 
of
 50
 
m
cg/kg/m
in
 h
as
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een
 
add
ed
.
 
M
ark
ers
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resent
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h
ole
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in
utes
.
 
Th
ere
 
are
 
th
ree
 
sim
ulatio
n
s
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erlapping
 o
n
 th
e
 m
iddle
 plot
.
 Th
eir
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eak
s
 o
ccu
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 at
 th
e
 center
 of
 th
e
 
text
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o
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w
ing
 th
eir
 sco
re
.
 N
otice
 th
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 scale
 as
 w
ell
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